This study was carried out to determine the antibacterial activity of Zinc oxide Nanoparticles (ZnO NPs) against isolated bacterial pathogens from burn infections in wound. The burn wound were collected from 72 patients, 64(88.9%) were positive cases (12 males and 52female) and 8 (11.1%) were no growth.The majority of the gram negative bacteria isolated Pseudomonas aeruginosa 35(58.3 %) was found, but Staphylococcus aureus 7(10%). Also the results of antimicrobial susceptibility test showed that the highest antibacterial resistance against Ampicillin 100%, Rifampicin 100%, Cefotaxime 90.6%, Tetracycline 78.1% , Nalidixic acid 68.7 %, Trimethoprim 57.9%, Nitrofurantoin 54.7 %. Furthermore, the results showed inhibit zone of bacterial growth was 25, and 28 mm in diameter for Staphylococcus aureus and Pseudomonas aeruginosa respectively.
Introduction
The emerging infectious diseases and the development of drug resistance in the pathogenic bacteria and fungi at an alarming rate is a matter of serious concern. (Kolar et al., 2001 ). The wound is considered one of the major health problems in the world, and infection is one of the most frequent and severe complications in patients who have sustained wounds (Zogani et al., 2002) . The infected wound may be a potential source of spreading of antibiotic-resistant microorganisms. The colonization and infection of these wounds are a dual clinical problem. The infected wound is a cause of pain and discomfort for patients, as well as life-threatening septic conditions (Klasen, 2000; Fong and Wood, 2006) .
The development of new antibiotics and drug targets encourages the scientific community to look for other alternatives for antibiotic production. As metallic nanoparticles demonstrate well known antimicrobial property, the development of novel applications in this field makes them an attractive alternative to antibiotics (Thakkar et al., 2010) .
Nanoparticles are particles that have one dimension that is 100 nanometers or less in size. The formation of nanoparticles changes the properties of many conventional materials (Reddy et al., 2007) . The nanoparticle is being used in all sciences in area of chemistry, physics, medicine and biology. Metal oxide materials, such as TiO2, ZnO, and MgO, have also been recognized as antibacterial agents Stoimenov et al., 2002; Yu et al., 2003; Zhang et al., 2007) . Antimicrobial agents are natural or synthetic compounds that inhibit microbial growth. The use of inorganic nanoparticles has advanced rapidly (Padmavathy and Vijayaraghavan, 2008) . Amongst inorganic materials, metals and metal oxides have elicited a great deal of interest for use as antimicrobial agents because of their durability, selectivity and resistance to heat. One of the reasons why these inorganic materials (metals and metal oxides) have attracted so much attention is their ability to withstand intensive processing conditions (Fu et al., 2005; Makhluf et al., 2005) . They have selective toxicity to bacteria but have minimal effects on human cells (Reddy et al., 2007) . Nanoparticles can be synthesized by physical, chemical and biological methods (Kathiresan, 2009 ). In the present study, the use a fungi Candida albicans in synthesis of extra cellular of ZnO-NPs. The analytical techniques including UV-absorption spectroscopy, and Scanning electron microscopy was employed to characterize biosynthesized metal nanoparticles. The antimicrobial and synergistic effect of biological synthesized Zno NPs were done by Staphylococcus aureus (gram positive) and Pseudomonas aeruginosa (gram negative) by agar diffusion method.
Materials and Methods
Materials: All the chemicals, culture medium and broth used were purchased from Himedia, India. Depending on the manufacturers' instruction, the media included blood agar (Oxoid),MacConkey agar, Mueller Hinton agar ,Mueller Hinton broth, and Mannitol salt agar .
Collection of specimens and bacterial identification:
The burn wound swab cultures prepared from the patients in Burn Unit Sulaimani Emergency Hospital. Sterile swap samples collected from patients suffering from burn infections, the samples were transported as quickly as possible to the laboratory (Siddiqui and Bernstein, 2010) .
Staphylococcus aureus and Pseudomonas aeruginosa were isolated from clinical specimens using Blood agar, mannitol salt agar and MacConkey agar. Isolates were identified by microscopic, and biochemical tests according to the standard methods which recommended by (Lehmann et al., 1999) . The isolates were confirmed by VITEK 2 System (Version 5.01 BioMerieux).
Antibiotics susceptibility test:
The susceptibility of antibiotics was carried out using disc-diffusion method on Muller-Hinton agar as recommended by Clinical and Laboratory Standards Institute (CLSI, 2002).
The bacteria Staphylococcus aureus and Pseudomonas aeruginosa isolates were grow overnight on Muller-Hinton agar and colony suspension was prepared using a sterile saline water equivalent to a 0.5-Mc Farland standard. Suspension (100 µl) was spread over the media plate and antibiotic disc aseptically transferred on the surface of inoculated media plate. Then the plates were incubated for 24 h at 37°C and zone of grow inhibition recorded. Isolates were tested with different antibiotics as shown ; Ampicillin, Rifampicin, Tetracycline, Cefotaxime, Nalidixic acid, Cefoxitin, Trimethoprim , Nitrofurantoin,Imipenem, Ciprofloxacin, Amikacin , Meropenem, and Gentamicin.
Biosynthesis of ZnO Nanoparticles:
The biosynthesis of ZnO NPs was conducted by cultivation of C. albicans ATCC 1083 on Sabouraud Dextrose broth media at 28 °C with agitation at 150 rpm for for 72 h. The ZnO nanoparticles were prepared by using some modification in the method of Hassan et al. (2014) . Ten ml of spore suspension of 10 5 /ml of C. albicans of fresh culture was mixed with 10 ml of sterile distilled water in glass flasks. Analytical reagent grade Zinc Nitrate (ZnNO 3 ) was taken into use for preparing a solution of 0.2(M) strength at room temperature. To each of these flasks, 20 ml of Zinc Nitrate solution was added. Culture solution containing flasks including control were heated on the steam bath up to 80°C for 10 minutes. An appearance of starch like haziness in solution and white deposition at the bottom of the tube was perceived as an indication of commencement of transformation. After 12 h, the culture solution was observed to have distinctly makeable coalescent white clusters deposited at the bottom of the flask except in control. A remarkable change in pH was observed at this stage (6.0 to 7.5).
The ZnO nanoparticles were prepared by using some modification in the methods (Jayaseelan et al., 2012) . C. albicans ATCC 1083 , cells were allowed to grow SDA for 72 h . Twenty-five mL of culture was taken and diluted four times by adding 75 mL of sterile double distilled water containing nutrients. This diluted culture solution was again allowed to grow for another 18 h. Twenty mL aqueous solution of 1 mM zinc oxide (ZnO) was added to the culture solution and it was kept at 30 o C for 24 h until white deposition starts to appear at the bottom of the flask, indicating the initiation of transformation. The culture solution was cooled and allowed to incubate at room temperature in the laboratory ambience. After 15 h, the culture solution was observed to have distinctly makeable coalescent white clusters deposited at the bottom of the flask except in control.
Characterization of Techniques:
UV-Vis Spectrophotometer:The synthesize ZnO nanoparticles were characterized by using UV-Vis spectrophotometer Cary 60 win to know the kinetic behaviour of ZnO nanoparticles. The scanning range for the samples was 200-600 nm at a scan speed of 500 nm/min. The UV-Vis absorption spectra of all the samples were recorded and numerical data were plotted in the "Origin 6.5" ( Soovali et al., 2006 ) .
Scanning electron microscope (SEM):
The characterize particle size, the morphology of nanoparticles of ZnO by using Cam Scan-3200 LV SEM machine. The sample is then scanned with a focused fine beam of electrons (Jores et al., 2004) .
Growth inhibition test with ZnO-NPs In vitro antimicrobial activity of the synthesized ZnO-NPs was evaluated against the bacterial isolates Pseudomonas aeroginosa and Staphylococcus aureus according the procedure of Jin et al., (2009).
The isolates were determined and tested inoculums were adjusted to 1.5×10 8 cells/ml, matching with 0.5 McFarland. Inoculums (100µl) were applied on the surface of the Mueller Hinton Agar (MHA). Then the wells were made into agar at 6 mm diameter using cork borer, add 1.0 mg/ml of ZnO NPs and 10 mg of Imipenem antibiotics used as positive control toward bacteria. The plates were kept for incubation at 37°C for 24 h. At the end of incubation, inhibition zones formed around the well were measured with transparent ruler in millimeter (Cheesbrough, 2006) .
Results and Discussions
Out of 72 burn wound samples, 64(88.9%) were positive cases and 8 (11.1%) were no growth as Shawn in figure (1) . From 64 patients were studied and analyzed. 12(18.8%) were males and 52(81.2%) were females. They were p. aeroginesa and Staphy. aureus isolated and identified according to the microscopic, macroscopic and biochemical tests and the results confirmed by VITEK-2 Compact SYSTEM. The results included p. aeroginesa 39 (61.0%) was the most frequently isolated gram negative bacteria whereas Staphy. aureus 25 (39.0%) was the most frequently isolated gram positive bacteria (table 1) . These results were in agreement with (Agnihotri et al., 2004) . Biosynthesis of ZnO NPs:The biosynthesis of ZnO NPs was conducted by cultivation of C. albicans on Sabouraud Dextrose broth media at 28 °C with agitation at 150 rpm for 72 h. Culture solution was again allowed to grow with aqueous solution of 0.2M Zinc Nitrate (ZnNO 3 ) was added to the culture solution and it was kept at 30 o C for 24 h until white deposition starts to appear at the bottom of the flask was observed to have distinctly makeable coalescent. The ability of C.albicans on synthesis of nanoparticles from ZnNO 3 and reduced the particles were depended on the enzymes and the metabolic pathways that needed from fungal isolate. The metabolic reactions were obtained with catalytic activity (Hassan et al., 2014) .
Characterization of ZnO nanoparticles :
The biosynthesized ZnO-NPs showed by UV-Vis spectrophotometer in the wavelength range of 200-600 nm at room temperature. The absorption spectrum at 378 nm, which is a typical absorption band of ZnO-NPs (Figure 3) , agreement with the previous work (Mashrai et al., 2013) . 
Bactericidal activity of ZnO nanoparticle:
The antibacterial activity of biological synthesized ZnO NPs towards pseudomonas aeroginesa and Staphylococcus aureus the maximum inhibited zone of bacterial growth was 25, and 28 mm in diameter respectively (Table 3) , were tested by the well diffusion agar methods. Our results were near to the results of Yousef and Danial, (2012) .The antimicrobial ability of nano-ZnO might be referred to their small size which is 250 times smaller than a bacterium. This makes them easier to adhere with the cell wall of the microorganisms causing its destruction and leads to the death of the cell. Also, metal nano-particles are harmful to bacteria. These NPs were expected to have inhibitory activity (Chwalibog et al ., 2010) . Staph. aureus 28 26 Many studies have indicated that the formation of reactive oxygen species (ROS) is the main antibacterial mechanism of ZnO nanoparticles ( They react with hydrogen ions to produce molecules of H 2 O 2 . The generated H 2 O 2 can penetrate the cell membrane and kill the bacteria (Fang et al., 2006) . The generation of H 2 O 2 depends strongly on the surface area of ZnO, which results in more oxygen species on the surface and the higher antibacterial activity of the smaller nanoparticles (Ohira et al., 2008) .
ZnO NPs showed high bactericidal activity against gram positive bacteria in comparison with Gram-negative bacteria, Reddy et al. (2007) have reported the same results, emphasizing on the higher susceptibility of Gram-positive bacteria in comparison with Gram-negative bacteria. ZnO NPs has been proposed that the higher susceptibility of Gram-positive bacteria could be related to differences in cell wall structure, cell physiology, metabolism or degree of contact.
Conclusion
It can be concluded from this study that ZnO-NPs can exhibit broad-spectrum biocidal activity towards multiple drug resistant strains of bacteria. However, antibacterial effects, safety, and detailed mechanisms of zinc oxide nanoparticles should be further studied in vitro and in vivo.
